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(57) A probe for defecting nonradioactive nucleic 
acids by the hybridization technique, and a highly sensi- 
tive and highly selective method for the detection The 
probe comprises a set of two or more oligonucleotide 
prob^ that can hybridize perfectly complementarily 
with the specific portion of the sequence of the consec- 
utive bases of the target nudeic acid, each oligonucle- 
otide probe being labeled at the 5' or 3' end thereof with 
a chfomophoric group having a suitable spatial arrange- 
ment so that adjacent chromophoric groups can yield an 
examer or the like when each probe hybridizes with the 
target nucleic acid. More specifically, although the probe 
of the invention comprises a set of two or more labeled 
probes and the labeling groups to be detected are 
present each on a different probe, the labeling groups 
taKe such a spatial arrangement that the two chromo- 
phoric groups present on the two probes which have 
come to exist adjacent to each other only after the 
hybridization with the target nucfeic acid induce unique 
phenomena such as excimer fluorescence, thereby 
enabling the target nucleic acid to be detected with a 
high recognizability Thus the probe of the invention 
enables the erroneous recognition which has been 
problematic heretofore to be reduced remarkably and 
the types of utilizable labeling groups to be varied 
widely. Further if is possible to improve the detection 
sensitivity remarkably because it is possible to reduce 
the background noise remarkably In addition, it is pos- 
sible to discriminate a number of (single-base variation) 



nucleic acids that are different from one another in only 
one base present at a specific position to be detected 
which has been difficult heretofore. 
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Description 
TECHNICAL HELD 

This Invention relates to radioisotope-free probes 

for nucleic acid analysis capable of recognizing base 
sequences with high sensitivity and high selectivity, and 
to a method of detection using the probes. 

BACKGROUND ART 

In genetic engineering, a phenomenon called 
nudeic acrd hybridization is used to detect a particular 
gene or nucleic acid from a cell or virus. Many hybridiza- 
tion methods have been developed and then utilized 
depending on purposes to be attained, kinds of genes 
to be targeted, and ways of detection. 

Various methods have also been developed for the 
identification and quantitation of hybridization products. 
Generally, these methods use a polynucleotide as a 
probe, which hybridizes to a complementary nucleic 
acid to be detected, and requires the partial labeting of 
the polynucleotide. For example, one of the most sensi- 
tive methods commonly used is a method using a radi- 
oisotope. Non-radioactive labeling techniques include 
labeling with a fluorescent sut>stance, an enzyme and 
biotin, and the substances that interact each other. 

Most foregoing conventional hybridization methods 
use a single detection probe labeled with substances as 
above. And such probe is a polynucleotide complemen- 
tary to a targeted nucleic acid (hereafter called target or 
target polynucleotide). The labeled probe is used for 
hybridization in excess over the amount of its target. 
Before detection of the hybrid so formed, the excess 
probe polynucleotide must be removed by washing or 
electrophoresis and so on. This procedure is compli- 
cated and time-consuming. 

Recently, there has been an intense demand for the 
development of a detection method which should have 
practical sensitivity (detection limit) performance and 
high recognition (capable of recognizing a difference by 
one base) performance without using any radioisotope. 
The method should also utilize a phenomenon measur- 
able without the aid of washing out the excess probe 
after hybridization. Some methods are already known to 
partially satisfy these requirements. For example, U.S.P. 
5.332.659 discloses a method which enables detection 
without requiring the removal of the excess probe. A 
phenomenon to be detected in this method is based on 
the formation of an excimer of two chromophores as 
labeling groups. In this method, a single probe for detec- 
tion of a polynucleotide, having two or more fluorescent 
labeling groups in the probe in advance, is hybridized to 
a target nucleic acid. A change in the intensity of an 
excimer fluorescence upon the hybridization is 
obsen/ed. thereby detecting the target nucleic acid. 

There may be a case in which a long target nudeic 
acid is detected by hybridization using an oligonucle- 
otide as a probe. To permit, in such a case, a high rec- 



ognition of a difference by one base (point mutation 
recognition) while minimizing a recognition error, an 
object of the present invention, it is clearly prefened to 
use a set of two or more probes for a single target, 
5 rather than a single probe. 

DISCLOSURE OF THE INVENTION 

A method based on this aspect is known which 

w measures a phenomenon occurring when a plural 
number of probes conjugated with labeling groups are 
hybridized to their single target nucleic acid, thereby to 
detect the target nucleic acid. The labeling groups are a 
set of energy donor (D) and an energy acceptor (A). 

15 which simultaneously bind to different oligonucleotides. 
A different set of labeling groups for energy transfer is 
known, but has one component enzyme-labeled. 
EP0229943A2 discloses a labeling method of which the 
detection is based on D/A. Its spectral change on the 

20 energy transfer from the donor to the acceptor are 
essentially not sensitive to the locations of the D and A. 
Furthermore, the fluorescence spectra of the donor and 
the acceptor overlap markedly This makes the exact 
recognition of the difference by one base a very difficult 

26 task, EP0070685B1 discloses labeling with an enzyme 
which is essentially thermally unstable. This method is 
unsuitable for hybridization that often requires heat 
treatment. In this method, moreover, the energy donor 
is a luminescent substance, such as luminol, which is 

30 not present in the probe, but is incorporated in an assay 
solution as a substrate for the enzyme label. This sub- 
stance diffuses in the solution, and thus is not so sensi- 
tive as to be able to specify the distance between the 
enzyme and the acceptor. Therefore, this method Is 

35 unsuitable for hybridization which is required to pre- 
cisely recognize the difference by one base. 

The present invention has been accomplished in 
the light of the above-described problems with conven- 
tional methods. It provides a nucleic acid hybridization 

40 label which is non-radioactive, as well as provides a 
highly sensitive method capable of recognizing a differ- 
ence by one base. The invention can also specifically 
detect a complex of the nucleic acid with the probe with- 
out washing out the excess probe added to an assay 

45 solution. 

That is. the probe relevant to the present invention 
comprises a set of two or more oligonucleotide probes 
that completely hybridize to the complementary consec- 
utive base sequence of the target nucleic acid, the adja- 

50 cent terminals (i.e. the 3'-terminal of one probe and the 
5'-terminal of the other probe) of the probes being 
labeled with a chromophore group capable of being in 
the suitable spatial configuration so that an excimer can 
be formed when probes hybridize simultaneously to the 

55 target nucleic acid. 

The above-mentioned composition of the invented 
probe is unpredictable from the known conventional 
methods, as will be discussed below. Nor can the 
effects resulting from the construction be expected at 
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all. In detail, the invented probe comprises a set of a 
plurality of labeled probes designed to be able to recog- 
nize even a difference corresponding to one base. 
Moreover, a phenomenon taking place in between the 
labeling groups to be detected is such that an excimer 
fluorescence is highly effectively induced upon hybridi- 
zation, although the labeling groups are present on the 
different probes. This fluorescence can be easily differ- 
entiated from the monomer emission. In other words, a 
single chromophore on each different probe is In a spa- 
tial configuration such that only when hybridized to the 
target nucleic acid, does the chromophore efficiently 
generate the excimer fluorescence together with a 
chromophore on an adjacent probe. Based on the exci- 
mer fluorescence, the target nucleic acid can be 
detected with very high recognizability because the 
excimer fluorescence is remarkably red-shifted with 
respect to the corresponding monomer emission bands. 
These facts are utterly unexpectable. 

The foregoing construction of the present invention, 
and the effects of the invention based thereon will be 
described below. 

(1) Erroneous recognition 

In the detection of a target nucleic acid by the 
known hybridization methods, there may be a case in 
which the probe is only one and the target nucleic acid 
is long. In such a case, hybridization can occur between 
the probe arxJ a false nucleic acid which is complemen- 
tary to the target nucleic acid partially or to some extent 
(False Hybridization in Fig. 1). This type of hybridization 
results in erroneous recognition. A way of avoiding such 
a common problem is to use a set of two or more probes 
rather than a single probe (Fig. 2), and takes advantage 
of the fact that only when the two probes properly 
hybridize to a target nucleic acid (True Hybridization in 
Fig. 2). a specific phenomenon occurs between the two 
labeling groups. The specific phenomenon does not 
occur with erroneous recognition (False Hybridization in 
Fig. 2). This method is not necessarily restricted to 
using two probes, but may, if necessary, concurrently 
use more than two probes (Fig. 3). In this case, right 
recognition is achieved only when specific phenomena 
emerging between the adjacent labeling groups can all 
be observed simultaneously Thus, erroneous recogni- 
tion can be remarkably avoided. 

(2) Wide variety of labeling groups 

The labeling groups that can be used should be as 
many as possible. Furthermore, the labeling group 
should not preclude the probe from hybridizing to the 
target nucleic acid. It must also be avoided for the labe- 
ling group to be intercalated into the duplex of nucleic 
acid base by a hydrophobic interaction with bases. Mak- 
ing a molecular design which satisfy these requirements 
is considerably difficult with a known embodiment hav- 
ing two or more known labeling groups at an intermedi- 



ate part of a single-stranded probe. The probe of the 
present invention that comprises a set of a plurality of 
different probes, on the other hand, can be relieved of 
those restrictions. That is. it suffices to provide, addition- 

5 ally one labeling group at the terminus of each probe. 
Thus, a variety of conventional linking can be available 
for the present invention. Furthermore, it is possible to 
widely select the specific phenomena to be measured. It 
is possible to easily predesign an optimal chemical 

10 structure for measurement of the phenomena. For 
exannple. the chemical structure of the linker arm 
between a chromophore and a terminal nucleotide can 
..be chosen, from various possibilities the length of the 
linker can be optimized, and the chemical stability tern- 

J5 perature stability and storage stability of the labeling 
group can be controlled. 

(3) Detection sensitivity 

20 A general requirement for hybridization methods is 
that a background noise must be minimized to increase 
detection sensitivity. When one probe with a labeling 
substance is used, the unhybridized probe itself also 
inherently causes the phenomenon to be measured. 

25 The degree to which this occurs varies with the degree 
of hybridization. This fact constitutes a basis for detec- 
tion. To reduce the noise, therefore, it is desirable that 
the specific phenomenon can be observed only when 
the right hybridization to the target nucleic acid takes 

30 place. In this respect, preference is given to the method 
of emitting specific fluorescence accompanied with 
hybridization using a set of plural probes. 

In the method using a set of plural probes, step-by- 
step hybridizations can be performed for each probe. 

35 Thereby, the impurities, the unhybridized target nucleic 
acid, and the unhybridized excess probes can be 
washed out to decrease the background noise to the 
limit. 

40 (4) Recognition of the difference by one base 

If it is desired to discriminate a sequences of 
nucleic acid which are different from each other by only 
one base at a particular position (one base mutation), 

45 such specific detection is difficult by using of a single- 
stranded probe. Detection of the one-base difference is 
possible, on the other hand, with a method in which a 
set of two probes undergo hybridization so as to sand- 
wich the mutated nucleic acid base, and then a specific 

so phenomenon occurs only when the adjacent terminal 
labeling groups come in close proximity. Excimer fluo- 
rescence, known to identify a specific phenomenon at 
the level of several angstroms, is preferred for the detec- 
tion of base difference. The utilization of the excimer flu- 

55 orescence phenomenon enables a spatial difference 
(several angstroms) as small as one base to be recog- 
nized sensitively 

When the energy transfer (A/D) is used or the 
enzyme reaction or chemiluminescence is utilized, by 
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contrast, the extent to which the difference can be rec- 
ognized spatially is much larger than that of the excimer 
method, reaching several tens of to several hundred 
angstroms. 

Hence, the use of excimer formation is the most 5 
preferred method for detection that can recognize a dif- 
ference of one base, one of the objects of the present 
Invention. 

Thus, it is clear that the present method, which 
comprises a set of two probes each having a labeling 
group and can produce a specific phenomenon only 
upon proper hybridization, markedly overcome the dis- 
advantages with the conventional methods. 

BRIEF DESCRIPTION OF THE DRAWINGS j5 

Fig. 1 is a view showing the hybridization of a sin- 
gle-stranded nucleic acid detection probe to a true 
target nucleic acid or a false target nucleic acid, 
illustrating that erroneous recognition can occur 20 
upon false hybridization; 

Fig. 2 is a view showing the hybridization of nucleic 
acid detection probes related to the present Inven- 
tion, which comprises a set of two probes, and a 
true target nucleic acid or a false target nucleic ?5 
acid, illustrating that no erroneous recognition 
occurs upon hybridization of one of the constituent 
probes to the false target nucleic acid; 
Fig. 3 shows an embodiment in which a very long 
target nucleic acid is detected with nucleic acid zo 
detection probes, which comprises a set of three or 
more probes, for minimizing the possibility of erro- 
neous recognition: 

Fig. 4 is a view showing changes in the fluores- 
cence spectra of solutions containing various con- 35 
centrations of a target oligonucleotide and two 
l^inds of the detection probe; 
Fig. 5 is a view showing changes in the relative 
excimer fluorescence intensities (at 495 nm) in the 
fluorescence spectra of solutions containing vari- 40 
ous concentrations of a target oligonucleotide and 
two kinds of the detection probe; 
Fig. 6 is a view showing the effects of the length of 
the tinker arms between a pyrene residue (label) 
and a terminal sugar moiety on the excimer forma- 45 
tion between a target 32-mer and the couple of 
pyrene butanoic acid-induced 16-mer probe (com- 
mon) and one of the following pyrenealkyliodoa- 
cetamide-introduced 16-mer probes: PIA = N-(1- 
pyrene)iodoacetamide; PMIA = N-(1-pyreneme- so 
thyl)iodoacetamide; PEIA = N-(l-pyrenee' 
thyl)iodoacetamide: and PPIA = N-(1- 
pyrenepropyl)iodoacetamide. 
Fig. 7 shows that a target nucleic acid containing an 
unhybridizable sequence as a result of point muta- 55 
tion, that make the labels apart, and that this can be 
detected with the probe of the present invention, in 
which pyrenemethyl iodoaceta mid e- Introduced 16- 
mer and pyrene butyric acid hydrazide-introduced 
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16-mer are used, and 32-mer target has a continu- 
ous sequence; 

Fig. 8 shows that excimer fluorescence remarkably 
decreases when the two probes are made apart 
from each other for the insertion of a sequence 
forming no duplex, demonstrating that the present 
invention can be used for detection of a point 
mutated nucleic acid; 

Fig. 9 is a view showing the structure of Compound 
4; 

Fig. 10 is a view showing the structure of Com- 
pound 5; and 

Fig. 1 1 is a view showing the structure of Com- 
pound 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A nucleic acid arBlysis probe related to the present 
invention is a couple of probes, i.e., probe 1 and probe 
2. for detecting a single target polynucleotide having a 
sequence of the number q of bases, and the base 
sequence of the first nucleic acid analysis probe, probe 
1. is complementary to a sequence of the number r of 
bases consecutive from the 5'-terminal of the target 
polynucleotide (r = an integer of 1 or more, but {q-1) or 
less) and has a chromogenic group molecule at the 5'- 
terminal of the probe 1 via a linker arm. while the base 
sequence of the second nucleic acid analysis probe, 
probe 2, is conplementary to a sequence of the bases 
between the (r+l)th base and the qth base from the 5'- 
terminal of the target polynucleotide having the 
sequence of the number q of bases and has a chromog- 
enic group at the 3'-termjnal of the probe 2 via a linker 
arm. The number of probes in one set should not be lim- 
ited to two, but may be more than two. Even in the latter 
case, the basic construction comprises a set of two 
probes, and the actions and effects based on this con- 
struction are the same. Thus, the following description 
will take a set of two probes as an example. 

The invented nucleic acid analysis probes are char- 
acterized by emitting fluorescence in a longer wave- 
length region than those of the chromogenic group of 
the probe 1 and the chromogenic group of the probe 2 
when these probes simultaneously hybridize to the tar- 
get polynucleotide. 

The invented nucleic acid analysis probes are also 
characterized in that the fluorescence is ascribed to an 
excimer formed from the chromogenic group of the 
probe 1 and the chromogenic group of the probe 2 when 
these probes simultaneously hybridize to the target 
polynucleotide. 

The invented nucleic acid analysis probes are also 
characterized in that the chromogenic groups are 
selected from the group consisting of pyrene. naphtha- 
lene, anthracene, perylene. stilbene, benzene, toluene, 
phenylanthracene, dipheny I anthracene, benzpyrene, 
benzanthracene, tetracene. phenanthrene. pentacene, 
triphenylene. and chrysene. 

The invented nucleic acid analysis probes are also 
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characterized in that the chromogenic groups are 
pyrene. 

The invented nucleic acid analysis probes are also 
characterized in that the length o1 the linker arnn 
between the 5'-terminai nucleotide of the nucleic acid 
analysis probe 1 and the chromogenic group and the 
length of the linker arm between the 3'-terminal nude- 
otkJe of the nucleic acid analysis probe 2 and the chro- 
mogenic group are 3 angstroms or more but 20 
angstroms or less. 

The invented nucleic acid analysis probes are also 
characterized in that the length of the linker arm 
between the 5' -terminal nucleotide of the nucleic acid 
analysis probe 1 and the chromogenic group and the 
length of the linker arm between the 3'-terminal nucle- 
otide of the nucleic acid analysis probe 2 and the chro- 
mogenic group are 5 angstroms or more but 20 
angstroms or less. 

The invented nucleic acid analysis probes are also 
characterized in that the linker arm between the 5'-ter- 
minal nucleotide of the nucleic acid analysis probe 1 
and the chromogenic group, or the linker arm between 
the 3*-terminal nucleotide of the nucleic acid analysis 
probe 2 and the chromogenic group is a substituent of 
the formula -(OH2)n-(X)k-(CH2)m-Y- where X is selected 
from the group consisting of CONH. NHCO, COO. 
OCO O. S and NH. Y is selected from the group con- 
sisting of 0. S. NH and (P03)S. and n and m denote an 
integer of 0 to 5. and k denotes 0 or r 

The method of nucleic acid detection according to 
the present invention detects a polynucleotide having a 
sequence of the number q of bases by its hybridization 
to two probes, i.e.. probe 1 and probe 2. This method 
comprises a step of mixing the target polynucleotide, 
the first nucleic acid analysis probe, probe l. and the 
second nucleic acid analysis probe, probe 2, and the 
probe 1 is complementary to a sequence of the number 
r of bases consecutive from the 5'-terminal of the target 
polynucleotide (r = an integer of 1 or more, but (q-1) or 
less), having a chromogenic group at the 5':terminal of 
the probe l via a linker arm. and the probe 2 is comple- 
mentary to a sequence of the bases between the (r+1 )th 
base and the qth base from the 5'-terminal of the target 
polynucleotide, having a chromogenic group at the 3*- 
terminal of the probe 2 via a linker arm; and a step of 
measuring fluorescence in a longer wavelength region 
than those of the chromogenic group of the probe 1 and 
the chromogenic group of the probe 2 after the mixing. 

The invented method of nucleic acid detection is 
also characterized in that the fluorescence is ascribed 
to an excimer formed from the chromogenic group of 
the probe 1 and the chromogenic group of the probe 2 
when the probe 1 and the probe 2 simultaneously 
hybridize to the target polynucleotide. 

The invented method of nucleic acid detection is 
also characterized in that the chromogenic groups are 
selected from the group consisting of pyrene. anthra- 
cene, naphthalene, perylene. stilbene. benzene, tolu- 
ene, phenylanthracene. diphenylanthracene. 



benzpyrene. benzanthracene. tetracene. phenanthrene. 
pentacene. triphenylene. and chrysene. 

The invented method of nucleic acid detection is 
also characterized in that the chromogenic groups are 

5 pyrene. 

The invented method of nucleic acid detection is 
also characterized in that the length of the linker arm 
between the 5'-terminal nucleotide of the nucleic acid 
analysts probe 1 and the chromogenic group and the 
10 length of the linker arm between the 3'-terminal nucle- 
otide of the nucleic acid analysis probe 2 and the chro- 
mogenic group are 3 angstroms or more but 20 
angstroms or less. 

The invented method o1 nuclefc acid detection is 
15 also characterized in that the length of the linker arm 
between the 5'-terminal nucleotide of the nucleic acid 
analysis probe 1 and the chromogenic group and the 
length of the Tinker arm between the 3"-terminal nucle- 
otide of the nucleic acid analysis probe 2 and the chro- 
20 mogenic group are 5 angstroms or more but 20 
angstroms or less. 

The invented method of nucleic acid detection is 
also characterized in that the linker arm between the 5'- 
terminal nucleotide of the nucleic acid analysis probe 1 
25 and the chromogenic group and the linker arm between 
the 3'-terminal nucleotide of the nucleic acid analysis 
probe 2 and the chromogenic group are selected from 
the formula .(GH2)n-(X)k-(CH2)m-Y- where X is selected 
from the group consisting of CONH. NHCO. COO. 
30 OCO 0 S and NH. Y is selected from the group con- 
sisting of 0. S and NH and (PO3 )a and n and mdenote 
an integer of 0 to 5. and k denotes 0 or 1 . 

More specifically, the invented nucleic acid detec- 
tion probes are polynucleotides which strictly recog- 
35 nizes the base sequence of the target polynucleotide by 
hybridizing to the target polynucleotide, the object of 
detection. 

Furthermore, the two invented probe polynucle- 
otides have an excimer (or exciplex)-forming chromoge- 
40 nic group, such as pyrene. at the 5'-terminus and the 3'- 
terminus. respectively Upon the hybridization of the tar- 
get polynucleotide to the polynucleotides of the invented 
probes, the chromogenic groups come in dose proxim- 
ity As the monomer emission from the chromogenic 
45 groups decreases, the excimer emission increases in a 
longer wavelength region. 

When the two chromogenic groups take a spatially 
favorable configuration for excimer. a potent excimer or 
exciplex can be formed upon irradiation. As the mono- 
50 mer emission from the chromogenic groups nnarkedly 
decreases, strong excimer or exciplex fluorescence can 
be observed in a longer wavelength region. 

The target polynucleotide can be identified and 
detected by measuring the excimer or exciplex fluores- 
55 cence red-shifted. The identification and detection also 
become possible by measurement of decrease in mon- 
omer fluorescence intensity. 

The preferred embodiments of the present inven- 
tion will now be described. 
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(Target nucleic add (target polynucleotide)) 



[Linker Arm] 



The target nucleic acids that can be detected with 
the invented nucleic acid detection probes are not 
restricted. They are those which can usually be hybrid- 
ized by known methods. Preferred examples include 
DNA. RNA (tRNA, mRNA. rRNA). synthetic oligonucle- 
otide, synthetic polynucleotide, synthetic deoxyoligonu- 
cteotide. synthetic deoxypolynudeotide. and a 
heteropolymer of deoxyribonucleotide and ribonucle- 
otide. The base sequence of the target nucleic acid 
must be previously identified. Based on this base 
sequence information, a probe completely conrplemen- 
tary to this nucleic acid will be prepared and hybridized. 

The way of knowing the base sequence of the tar- 
get nucleic acid for the above purpose may be a known 
method of base sequence determination (e.g. the 
Sanger method (dideoxy-mediated chain-termination 
method for DNA sequencing)). 

[Nudeic acid detection probe] 

Polynucleotide of the invented nucleic acid detec- 
tion probe comprises a set of two polynucleotides which 
completely hybridize to the complementary portions of 
the target polynucleotide, the object of detection. 

That is, the two polynucleotides relevant to the 
present Invention have their respective base sequences 
so that probe 1 and probe 2 simultaneously hybridize to 
the base sequence of the target polynucleotide, as 
shown in Fig. 2. 

An arbitrary number of bases from the 5'-terminal of 
the target nucleic acid can be determined on the basis 
of sequence of the probe 1, Accordingly, the base 
sequence of the probe 2 will be automatically deter- 
mined. 

If one of the probes has too small the number of 
bases, however, the probe cannot hybridize to the com- 
plementary target nucleotide, not Identifying the target 
sequence. The preferred number of bases falls within a 
certain range, so that the number of the bases in the 
base sequence of the probe 2 or probe 1 should desira- 
bly be 8 or more. 

The method of synthesizing the base sequence 
necessary for the probe 1 or 2 is not restncted to the 
present invention. It may be an ordinary nucleotide 
modification method (e.g.. the method described in 
Handbook of Fluorescent Probes and Research Chem- 
icals, 5th ed. 1992-1994, by R.P Haugland. Molecular 
Probes. Inc.). or automatic synthesis (e.g.. the method 
described in Oligonudeotides and Analogues, A Practi- 
cal Approach, ed. By R Eckstein, IRL Press). Naturally 
occurring oligonucleotide may also be used after a 
chromophore is labeled. 

The resulting polynucleotide can be purified by say. 
reversed phase high performance liquid chromatogra- 
phy. 



The polynudeotides of the two probes related to the 
present invention are labeled with a labeling group 
5 (chromogenic group nrolecule, chromophore, fluoro- 
phof e) through a chain linker at the 5'- and 3*-terminal of 
the probes. 

When these two probe polynucleotides are hybrid- 
ized to the target polynucleotide, they are arranged so 
10 that the two chromogenic groups from the respective 
probe polynudeotide can be brought spatially close to 
each other with the aid of linker arms. 

Thus, the length of the linker arm between the 5'- 
terminal or 3'-lerminal and the chromogenic group is of 
IS utmost importance in the present invention, and can be 
adjusted depending on the type and length of the linker. 
In the present invention, in particular, the inventors' find- 
ings have clarified thai tfie length of the linker greatly 
affects the detection sensitivity. Fig. 6 shows that exci- 

20 mer formation based on pyrene-pyrene interaction is 
markedly influenced by the length of linkers of the 
probes. In the present invention, therefore, the length of 
the linker is a measure for optimizing a detection 
method. Concretely, the length of the chain linker refers 

2$ to the sum of the lengths based on the number of 
bonds, provided that the single covalent bonds, such as 
C-C. C-0. C-N. N-N. C-S and P-0, from the terminal 
nucleotide of the probe to the chromogenic group are 
the same length (1.4 angstroms). 

30 For example, when the 5* -carbon of the 5'-terminal 
nucleotide is labeled with the chronfK)genic group via a 
chain linker of the formula -0-P-S-CH2-CONH-CH2- as 
in (S'-O-O-P-S-CHg-CONH-CHg-chromogenic group 
molecule, the length of the chain linker is 1.4x8 s 1 1.2 

35 angstroms. 

Also, when the 3' -carbon of the 3'-terminal nucle- 
otide is labeled with the chromogenic group via a chain 
substituent (linker) of the formula -NH-NH-CO-CHg- 
CH2-CH2-CH2- as in (3'-C)-NH-NH-CO-CH2-CH2-CH2- 

40 CH2-chromogenic group molecule, the length of the 
chain substituent is 1 .4x8 =11.2 angstroms. 

As already shown in Fig. 6. in order for the chro- 
mogenic group molecules to be spatially dose to each 
other, producing an excimer. the linkers, whether too 

45 short or too long, may result In an ineffective spatial 
configuration. 

According to the inventors' findings, when the chro- 
mogenic group was a pyrenyl group, it was preferably 
located in a space at least 3 angstroms, more prefera- 

50 biy, not less than 5 angstroms but not more than 20 ang- 
stroms, apart from the 5'- or 3'-carbon of the terminal 
nucleotide. 

If the chain linker is 3 angstroms or less long, the 
chromogenic group molecules will be unable to 
55 approach each other in this case, the formation of an 
excimer or the like, or exdmer fluorescence or the like 
will not be able to occur substantially 

Investigation using the CPK molecular model has 
proved effective, suggesting that the length of the chain 
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linker is preferably not less than 3 angstroms, but more 
preferably, not more ttian 20 angstroms. A still more pre- 
ferred length is 5 angstroms or more, but 1 5 angstroms 
or less. In more detail, the inventors have found, based 
on the measurement of excimer fluorescence, that 
when a pyrenyl group is the chromogenic group. 5 to 10 
angstroms is a preferred range. In other words, the 
present invention does not include conjugation of a 
pyrenylmethyi group to the 5'- or 3'-carbon via an ether 
linkage (4.2 angstroms). 

In the present Invention, there are no restrictions for 
the type and the method of synthesis of the linker, as far 
as the above length of the linker is attained. A preferred 
example is a methylene group, an amide group, an ester 
group, an ether group, a thiophosphoric ester, or a cou- 
ple of these. Decision of a suitatrfe manner of linker con- 
jugation based on the global consideration of chemical 
stability, thermal stability and preference of a labeling 
group is a matter of easy choice for those skilled in the 
art. 

[Chromogenic group, labeling group, chromophore, 
fluorophore] 

The chromogenic group (or labeling group) usable 
for the present invention is the one containing a chromo- 
phore in a part Such a chromogenic group is not 
restricted to a specific group except that it forms exci- 
mer or excipiex. Various chromogenic groups can be 
introduced to nucleotides by an ordinary method of syn- 
thesis. 

The chromophore is selected from the group con- 
sisting of pyrene. naphthalene, anthracene, perylene, 
stilbene, benzene, toluene, phenylanthracene, diphe- 
nylanthracene. benzpyrene, benzanthracene, tet- 
racene. phenanthrene, pentacene, triphenylene. and 
chrysene. Preferably usable are aromatic chromo- 
phores. and more preferred examples are chromogenic 
groups having a pyrene ring. 

In the present invention, it is preferred that the chro- 
mogenic groups in the two probes are the same. That is, 
the chromogenic groups are not of the donor/acceptor 
of fluorescence resonance energy transfer. 

Hence, the fluorescence shifted to a longer wave- 
length region according to the present invention is not of 
the electron transfer type, as will be described later on. 
That is. the present invention makes it possible to 
observe excimer or excipiex fluorescence emitted from 
the same chromogenic groups. This fluorescence is 
generated as a result of the spatial approach of the two 
chromogenic groups due to the hybridization explained 
previously. Thus, only the probes correctly hybridized to 
the target nucleic acid can be detected. 

Even if the excess unhybridized probe is coexistent, 
only the hybridized probes can be detected, without 
interference by monomer fluorescence ascribed to the 
unhybridize probe. 



[Hybridization] 

There is no restriction on the method for hybridizing 
the target polynucleotide to the polynucleotides of the 
5 two nucleic acid detection probes in the present inven- 
tion. 

The ordinary conditions for hybridization can be 
preferably applied to the present invention (e.g., the 
method described in Molecular Cloning. A Laboratory 

10 manual, 2nd. ed., J. Sambrook et al., Cold Spring Har- 
bor Laboratory Press, 1989). 

For example, the two probes and the target nucleic 
acid can be hybridized preferal:>ly by mixing them in a 
solution at 25°C. Alternatively, they may be hybridized 

15 by reacting them at a higher temperature (e.g.. a tem- 
perature 10*C lower than the melting temperature of the 
hybrid dissociation), followed by annealing to return 
them to the room temperature. 

In the present invention, moreover, the target poly- 

20 nucleotide can be identified or quantitatively determined 
without using washing or other means after hybridiza- 
tion. 

The method of detection is not restricted, as far as 
it is a means of measuring fluorescence. For instance, 

25 the fluorescence can be measured preferably using a 
commercially available fluorometer. 

As shown in Fig. 4, it is possible to measure not 
only the fluorescence of the chromogenic group per se 
(pyrene in this case)(peak wavelength 380 nm), but also 

30 excimer fluorescence shifted to the longer wavelength 
region (peak wavelength about 500 nm). Needless to 
say, this excimer peak is not observed at all before 
hybridization. Thus, quantitative determination of the 
hybridized target is extremely easy. Drawing of a pre- 

35 else calibration curve enables the target nucleic acid 
concentration to be determined upon measurement of 
the fluorescence intensity, as shown in Fig. 5. The 
experimental data of Fig. 5 obtained using an ordinary 
fluorometer do not indicate the detection limits of the 

40 present invention. An improvement in the sensitivity of 
the fluorometer wouW permit detection with higher sen- 
sitivity. This optimization of the measurement system is 
a matter of easy choice for those skilled in the art. How- 
ever. Fig. 6 shows that at least about several nM can be 

45 detected. 

Particularly, the analytical probe of the invention 
may be used in excess, and the above-described proce- 
dure can be performed without interference by mono- 
mer fluorescence due to the chronnogenic group of the 

50 excess probe that has not been hybridized. 

[Detection of point-mutated nucleic acid] 

The principle of detection relevant to the present 

55 invention is, as explained earlier, that the two probes 
correctly hybridize to the target nucleic acid to generate 
strong excimer fluorescence, whose measurement 
results in the detection and quantitative determination of 
the target nucleic acid. Therefore, even if there are 
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nucleic acid bases which cannot form a base pair 
(duplex) between the terminals of the two probes conju- 
gated with the labeling groups, the probes may be 
designed such that such bases will be removed from the 
base sequences of the probes. The so designed probes 5 
can be used for the highly sensitive, highly selective 
detection of a target nucleic acid different only in such a 
base sequence, namely, a point mutated nucleic acid. 
This possibility is suggested in Fig. 7. In the presence of 
about one or two nucleic acid bases between the two w 
probes, remarkable decreases in excimer fluorescence 
intensity occur iri the present invention. From these 
results, point mutation can be identified (Fig. 8). 

The present invention will be described in more 
detail with reference to specific examples, which do not js 
limit the invention. 

The 3'-termrnal nucleotide of the probe 2 (Com- 
pound 3) in the following description was ribonucleotide, 
except that deoxyribonucfeotide was used in other com- 
pounds. 20 

[Synthesis of oligonucleotide] 

Oligonucleotide 32-mer selected as a model to be 
detected had the sequence: 25 

5'-AGAGGGCACGGATACCGCGAGGTGGAGCG- 
AAT-3' (Compound 1) A nucleotide complementary 
to the base sequence from the 5'-terminal to the 
16th base of the target was used as nucleic acid so 
detection probe 1: 

3'-TCTCCCGTGCCTATGG-5' (Compound 2) 
Further, a nucleotide complementary to the base 
sequence covering the 1 7th to 32nd bases from the 
5'-terminal of the oligonucleotide 32-mer (Com- 35 
pound 1) was used as nucleic acid detection probe 
2: 

3*-(C)GCTCCACCTCGCTTA-5' (Compound 3) 
(however, only the nucleotide with (C) is ribonucle- 
otide). These nucleotides were all synthesized by 40 

the solid-phase phosphoramldite technique using 
an automatic synthesizer (Miilfpore Limited). 

The oligonucleotide 32-mer (Compound 1) and the 
two probe oligonucleotide 16-mers (Compound 2. Com- <s 
pound 3) were each separated and purified by reversed 
phase high performance liquid chromatography (col- 
umn; PepRPCTM 4m HR5/5. Pharmacia Fine Chemi- 
cals: elution solvent system, acetonitrile/O.iM 
ammonium acetate mixed solvent gradient; detection so 
wavelength, 260 nm). 

All the compounds were desalted by gel filtration, 
and freeze-drled for condensation. 

(Introduction of pyrene chromogenic group into the 5*- 55 
terminal of the nucleic acid detection probe 1 (3'-TCTC- 
CCGTGCCTATGG-5')(Compound 2)] 

Into the probe 1 oligonucleotide (Compound 2, 



molecular weight 4904.21 , extinction coefficient c 139.9 
mmol'^ • liter * cm' ^) obtained above, a pyrene group 
was introduced by the method of Czworkowski et al. 
(Czworkowski J. et al.. Biochemistry, 30. page 4821, 
1991) in accordance with the following procedure: 

(i) Two mg of Compound 2 was mixed with 2.5 ml of 
a solution comprising 140 mM Tris-HCL (pH 7.6) 
containing 20 mM MgClg and 0.2M KCI, 2.135 ml of 
water. 0.05 ml of 500 mM dithiothreitol, 0.5 ml of 
100 mM adenosine-5'-0-(3'-thiotrlphosphate) (lith- 
ium salt, Boehringer Mannheim), and 0.04 ml of a 
T4 polynucleotide kinase solution (Takara). The 
mixture was allowed to stand for 3 hours at 36"C at 
a lightproof state. 

(ii) Further. 2.5 ml of 2M NaCI and 2.5 ml of water 
were added, and then a 1:1 (volume ratio) chloro* 
form/methanol mixture was added. The mixture 
was centrifuged to recover the aqueous phase. 

(iii) To the resulting aqueous phase, 10 ml of chloro- 
form was added, and the mixture was centrifuged to 
recover the aqueous phase. After precipitation with 
ethanol. the resulting deoxyoligonucleotide was 
concentrated, and solvent exchange was per- 
formed using a column of Sephadex G-25 (Phar- 
macia Fine Chemicals) equilibrated with 25 mM 
HEPES/NaOH (pH 7.4) containing 0.5 mM NaCf 
and 10 mM mercaptoethanol. 

(iv) After deoxyoligonucleotide was solidified to dry- 
ness by ethanol precipitation and centrifugal con- 
centration, the following solvents were added in 
order; Four ml of 50 mM bicine/KOH (pH 8.4), 5 ml 
of dimethylformamlde (DMF), and 1.0 ml of a DMF 
solution of (N-(1 -pyrenyf methyl )iodoacetamide 
(Molecular Probe) were added, and the mixture 
was stirred for 4 hours at room temperature. 

(v) The excess reaction mixture was removed by 
ethanol precipitation, and the residue was centrifu- 
gaily concentrated to obtain Compound 4. Its struc- 
ture is shown in Fig. 9. 

(vi) For further purification. ODS(Octadecylsilane) 
reversed-phase high performance liquid chroma- 
tography was enrpfoyed. The column used was a 
column (21 .5 mm x 1 5 cm) of TSKgel OligoDNA RP 
(TOSOH). 

A mixture of acetonitrile and O.lM ammonium ace- 
tate was used for elution. and the column was eluted 
with the following concentration gradient (elution rate 1 
ml/min. room temperature): 5:95 for the first 5 minutes, 
changed to 40:60 for a subsequent 175 minutes, (vii) 
The resulting sample was centrifugally concentrated at 
room temperature. The final product was dissolved in 
0.01 M Tris-HCI buffer (pH 7.5) containing 3.0 mM EDTA 
and 0. 1 M NaCI. and stored in frozen state at •SS^'C. 
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(Introduction of pyrene chromogenic group into the 3'- 
terminal of the nucleic acid detection probe 2 (3'-(C)GC- 
TCCACCTCGCTTA-5')(Compound 3). Part 1] 

Into the probe 2 oligonucleotide (Compound 3, s 
molecular weight 4849.18, extinction coefficient c 136.4 
mmol' • liter • cm- ^ ) synthesized according to the 
method described previously, a pyrene group was intro- 
duced by a modified form of the method of Reins. Can- 
tor et al, (Koenig. P. Reins. S.A., Cantor. C.R.(1977). w 
"Pyrene Derivatives as Fluorescent Probes of Confor- 
mation Near the 3'-Termini of Polyribonucleotides". 
Biopolymers 16. 2231-2242) in accordance with the fol- 
lowing procedure: ^ 

(I) 45.5 Micrograms of the oligonucleotide (Com- 
pound 3) was dissolved in 0.5 ml of 0.05M acetate 
buffer (pH 5.6). 

(ii) 2.0 Milliliters of 0.05M acetate buffer (pH 5.6) 
containing 110 mg Nal04 and 7.5M urea was 20 
added, and the mixture was allowed to stand for 45 
minutes at room temperature under lightproof con- 
ditions. 

(iii) Further. 0.5 ml of KC! was added, and the mix- 
ture was left to stand at 4°C to precipitate the 25 
excess Nald4. 

(iv) After the precipitate was removed by centrifuge- 
tion. oligonucleotide was precipitated by ethand 

precipitation. 

(v) The precipitate was dissolved in a small volume 30 
of 0.05M acetate buffer (pH 5.6) containing 3mM 
EDTA, whereafter the solution was desalted 
through a Sephadex G-25 column equilibrated with 
the same buffer. 

(vi) The oligonucleotide fractions were collected 35 
with the absortjance at 280 nm as a measure. They 
were combined and concentrated by ethanol pre- 
cipitation. 

(vii) To the precipitate, 3.0 ml of 0.05M acetate 
buffer (pH 5.6) was added, followed by adding 3.0 <o 
ml of dimethyl sulfoxide (DMSO) having 3 mg of 1- 
pyrenebutyric acid hydrazide dissolved therein. The 
mixture was allowed to stand for 2 hours at 37'»C 
under protection from light. 

(viii) Further. 0.3 ml of 2M KCI was added, and then 45 
an excess of ethanol was added to precipitate oli- 
gonucleotide. 

(ix) After centrifugation. 1.0 ml of 0.01 M Tris-HCI 
buffer (pH 7.5) containing 3.0 mM EDTA sodium 
salt and O.lM KCI was added to the precipitate to so 
redissolve it. 

(x) Finally. NaBHsCN (sodium cyanoborohydride) 
was added, and the reduction reaction was per- 
formed for 1 hour at room temperature. The amount 

of NaBHsCN added was about 320 mols per mol of 55 
the probe. 

(xi) Then, ethanol precipitation was performed sev- 
eral limes until confirmation of the complete disap- 
pearance of fluorescence emitted from pyrene in 



the supernatant after centrifugation. Then, the final 
precipitate was solidified to dryness by centrifugal 
evaporation to obtain Compound 5. Fig. 10 shows 
the structure of Compound 5 
(xli) Purification was performed by ODS reversed 
phase high performance liquid chromatography. 
The column used was a column (21 ,5 mm x 1 5 cm) 
of TSKgel OligoDNA RP (TOSOH). The solvent 
used was a gradient by a mixture of acetonitrile and 
0. 1 M ammonium acetate, 

(xiii) The resulting Compound 5 was centrifugally 
concentrated at room temperature. The product 
was dissolved in 0.01 M TrIs-HCI buffer (pH 7.6) 
containing 3.0 mM EDTA sodium salt and O.lM 
NaCI, and stored in frozen state at -85"C. 

[Introduction of pyrene chromogenic group into the 3'- 
terminal of the nucleic acid detection probe 2 (3*'(C)GC- 
TCCACCTCGCTTA-5')(Compound 3). Part 2] 

To introduce a pyrene chromogenic group into the 
3 -terminal of the nucleic acid detection probe 2 (Com- 
pound 3). the method described below was also used. 
This method was a partially modified form of the method 
of B.P Gottikh et al. (Gottikh. B.R, Krayevsky, A A.. 
Tarussova. N O.. Tsilevich. T.L, Tetrahedron. 26. 4419- 
4433(1970)). and it is herein called the CDI (carbonyld- 
iimidazole) method. 

(i) A 1.2M CDI solutiori in OMF(dimethyliormamide) 
was prepared. 

(ii) To 0.1 ml of this solution. O.l ml of a DMF solu- 
tion of 0.4M 1-pyrenebutanoic acid was added, and 
the mixture was stirred for about 30 minutes at 
room temperature. 

(iii) To the resulting solution, an aqueous solution of 
the 16-mer in a concentration of 400 nnmol/0.5 ml 
was added, and the mixture was incubated for 3 
hours at room temperature under dark conditions. 

(iv) The solvent was removed by means of centrifu- 
gal evaporation. 

(V) To the residue, water and chloroform were 
added in turn for solvent extraction. 

(vi) The aqueous fraction was collected, and chloro- 
form was added again for solvent extraction. 

(vii) The solvent was removed from the collected 
aqueous fraction by pipetting and then conden- 
sated by centrifugal evaporation. 

(viii) Purification was performed by adding a small 
amount of water, and subjecting the mixture to an 
ODS reversed-phase high performance liquid chro- 
matograph. The column used was a 21.5 mm x 15 
cm column of TSKgel OiigoDNA RP (TOSOH), Elu- 
tion was carried out using a mixture of acetonitrile 
and O.lM ammonium acetate with the following 
concentration gradient (elution rate 1 ml/min, room 
temperature): 5:95 for the first 5 minutes, changed 
to 40:60 for a subsequent period of 1 75 minutes, 
fix) The resulting sample (pyrenebutanoic acid- 
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introduced IS-fner) (Compounds) was dissolved in 
O.IM phosphate buffer (pH 7), and stored at -85*C. 
Fig. 1 1 shows the structure of Connpound 6, 

[Basic procedure for hybridization] 

About 66 nM of the target oligonucleotide (Com- 
pound 1 ) and about 66 nM of the probe oligonucleotides 
(Compounds 4, Compound 5) were added to 10 mM 
phosphate buffer (pH 7.0) containing 20% (v/v) dimeth- 
ylformamide (DMF) and 0.2M NaCI. The mixture was 
incubated at 25*'C. By monitoring the absorbance 
( A260) Of the nucleic acid with respect to the tempera- 
ture of this solution, i.e., the hyperchromic effect, hybrid- 
ization was found to be complete when the tenperature 
was 25'C or lower. 

[Confirmation of excimer formation] 

Fluorescence spectra were measured under the 
above-mentioned basic hybridization conditions. As 
shown in Fig. 4. fluorescence characteristic of the 
pyrene monomer was observed in a wavelength region 
around 400 nm. and at the same time, a broad fluores- 
cence band was observed at about 500 nm. Such a 
broad fluorescence band at about 500 nm is observed 
only in the presence of the three oligonucleotides 
described alxjve. and resembles the fluorescence spec- 
tra of known pyrene excimers. Thus, that fluorescence 
band is attributable to excimer fluorescence (Birks. J.B,. 
Christophorous. LG.(1963). Spectrochim, Acta 19, 
401-410). 

If the atx)ve fluorescence band at 495 nm is due to 
excimer fluorescence, its intensities should be accom- 
panied by decreases in the intensity of the pyrene mon- 
omer fluorescence. Actually, as the concentration of the 
target oligonucleotide increased, the intensity ratio of 
excimer to monomer was found to increase (Fig. 4). 

These findings led to the conclusion that the fluo- 
rescence band at about 500 nm was excimer fluores- 
cence. 

[Possibility for quantitative analysis of target nucleic 
acid] 

Fig. 5 shows the relative intensities of the fluores- 
cence band at about 500 nm obtained when various 
concentrations of the target oligonucleotide were added 
to a solution containing equal amounts of the nucleic 
acid detection probes (Compound 4, Compound 5) 
each present in excess- The use of thje calibration curve 
shown in Fig. 5 enables the target oligonucleotide to be 
determined quantitatively. 

[Dependence of excimer fluorescence intensity on the 
length of a linker arm] 

Fig. 6 shows the fluorescence spectra of hybrids 
consisting of the target nucleic, acid 32-mer. and equi- 



molar concentrations of the pyrenebutyric acid-intro- 
duced 16-mer probe and the pyrenealkyi 
iodoacetamide-introduced 16-mer probe. The pyrene- 
alkyi radoacetamide indicated here is different from 

5 pyrenemethyl iodoacetamide in the length of the linker 
arm (namely, the alkyi chain portion). However, the 
method of its synthesis is exactly the same as for pyren- 
emethyl iodoacetamide-introduced 16-mer probe. 
As shown in Fig. 6, even when one of the probes is 

10 identical (pyrenebutanoic acid-introduced 16-mer), a 
change in the length of the (inker arm of the other probe 
by merely one methylene group exerts a significant 
influence on the quantum yield of excimer fluorescence. 
Under these experimental conditions, the pyrenemethyl 

15 . iodoacetamide-introduced 16-mer shows the highest 
quantum yield, and the linker longer or shorter than that 
of the pyrenemethyl iodoacetamide-introduced 16-mer 
produces poorer results. 

From these facts, a length of 11.4 angstroms from 

20 the 5'-carbon of the terminal deoxyribose is assumed to 
be the optimal length of the linker. The length of the 
linker arm is 9.8 angstroms for PIA, and 12.6 angstroms 
for PPIA. 



The inventors have further investigated hybridiza- 
tion in which the base sequence of the aforementioned 
two probes of the invention are not completely continu- 
al ous for the targeted sequence. As shown in Fig. 7. when 
the two probes were 1 or 2 nucleotides apart from each 
other on the hybrid after the hybridization(Fig. 8). exci- 
mer formation was markedly suppressed. This finding 
demonstrates that the continuous arrangement of the 
35 two probes on the hybrid is prerequisite for intense exci- 
mer emission. 

These fads mean that when the hybridization is 
designed for adjacent terminal ends of two probes to be 
apart by distance corresponding to one- or two-base 
40 sequence (point-mutated region, see Fig. 8) from each 
other on the hybrid, a wild type gene and a point- 
mutated gene can be distinguished and identified in a 
homogeneous solution. 

In our model experiments (Fig. 7). the target nucleic 
45 add is the aforementioned sequence (namely 33-mer or 
34-mer) having one or two thymine deoxy ribonucle- 
otides inserted into the middle of the 32-mer. Thus, 
there may be a great distance between the adjacent ter- 
minals (5'*terminal of one probe and 3'-terminal of the 
50 other probe) on the hybrid upon hybridization (see Fig. 
8). As a result, an optimum configuration for excimer for- 
mation may not be achieved. 

Industrial Applicability 

55 

The present invention provides nucleic acid detec- 
tion probes which are non -radioactive and based on 
hybridization, and provides a highly sensitive method 
capable of recognizing a one-base difference among 



25 [Detection of point mutated target nucleic acid) 
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